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The model is applied to a sample of 1,394 German firms in the manufacturing and selected services sectors. The estimation results reveal that (i) it is appropriate to consider labour productivity and B2B as simultaneous factors, (ii) the output elasticity of ICT-investment is significantly larger for firms using B2B than for firms not using it, (iii) the multifactor productivity is significantly larger in the regime with B2B. These results indicate that due to strategic complementarities firms with B2B produce more efficiently and use their ICT-investment more efficiently than firms without B2B. Finally, (iv) labour productivity is increased by using B2B. Firms that do not use B2B would profit from using B2B with respect to labour productivity although not to the same extent as firms that already use B2B.
Introduction
The fast technological development of the Internet as well as its declining prices have led to an increased diffusion of the Internet during the last few years. In 2002, the Internet penetration rate for businesses was more than 90 percent in the U.S. as well as in many European countries. The Internet penetration rate in German businesses increased from 87 percent in 2000 to 97 percent in 2002 (NFO Infratest, 2003, p.133) .
One important application of Internet technology for firms is so-called Internet commerce or electronic commerce. Policy makers and businesses, backed by numerous economists, have pinned high hopes on e-commerce which is said to reduce transaction costs, increase market transparency and make the course of business more efficient. In this paper, we estimate the effects of e-commerce on labour productivity, thus trying to validate the claim of productivity-enhancing effects of e-commerce.
E-commerce has been hailed as one of the most promising media for ordering, buying and selling products and services which has the potential to considerably reduce transaction costs. E-commerce between companies (business-to-business e-commerce or B2B e-commerce) has a broader scope than e-commerce between companies and consumers (business-to-consumers or B2C). As shown for example in NFO Infratest (2003, p.234) , in 2002, the B2B segment accounted for more than 80% of total e-commerce sales worldwide with an increasing tendency. In Germany, according to a representative survey of the ZEW (Centre for European Economic Research), the B2B segment accounts for about 85% of total e-commerce sales in the manufacturing industry and for about 60% in the services industry in 2002. Therefore, our analysis is restricted to B2B e-commerce only. Meanwhile, it has become common knowledge that ICT-capital positively affects labour productivity, see for example Bertschek (2003) and Brynjolfsson and Hitt (2000) for recent surveys referring to firm-level evidence. However, studies focussing on certain kinds of ICT applications are still scarce.
The approach chosen in this work addresses the simultaneity between adopting ecommerce and labour productivity: e-commerce might affect labour productivity but the causality could also run the other way round since e-commerce might be adopted precisely in order to increase productivity. Moreover, firms might produce according to different production function regimes depending on whether or not they use B2B e-commerce. This flexibility takes account of the likely presence of complementarities between the use of B2B e-commerce and production input factors. Milgrom and Roberts (1990) demonstrate that firms need to implement computer technology as part of a system or cluster of organizational change. This argument of strategic complementarity has been further advanced in studies by Brynjolfsson and Mendelson (1993) as well as by Radner (1993) . It might thus be too restrictive 1 to assume that firms produce according to the same production function independent of the type of ICT application they use. It seems rather likely that firms that use B2B e-commerce do not only differ from other firms with respect to the use of this ICT application, but also in various other respects such as skill mix or investment strategies. Thus, firms with B2B might have larger production elasticities with respect to their input factors than firms not using B2B.
Our empirical results are based on a sample of 1,394 firms from the German manufacturing and selected services sectors. They emphasize the importance of considering B2B e-commerce and labour productivity as simultaneous factors. In other words: there is a two-way relationship between the adoption of B2B e-commerce and labour productivity, with both mutually affecting one another. We also find that the output elasticity with respect to ICT-investment as well as the multifactor productivity turn out to be significantly larger in the production function regime using B2B e-commerce than in the regime not using B2B. The estimation of productivity differentials shows that firms that use B2B are better off in terms of their labour productivity compared to the case where they did not use B2B. Conversely, firms that do not use B2B would be better off if they engaged in B2B, but to a lesser extent than those firms that already use B2B.
We also find that drivers of B2B e-commerce usage produce with a knowledgeintensive production process, and that international business activities are positively related to firms' probability of using B2B.
The paper is organized as follows: section 2 contains the theoretical considerations and the empirical model, section 3 describes the data, section 4 presents the empirical results and section 5 concludes.
Model
According to Lucking-Reiley and Spulber (2001, p. 56) , B2B e-commerce might have positive impacts on the productivity of an enterprise via four channels: efficiencies from automation of transactions, economic advantages of new market intermediaries, the consolidation of demand and supply through organized exchange, and changes in the extent of vertical integration of companies. The aspect of transaction costs is also studied by Garicano and Kaplan (2000) . Thus, by applying B2B e-commerce, a firm might reap productivity gains compared to a firm that does not make use of B2B e-commerce. It seems, however, likely that firms that use B2B e-commerce do not only differ from other firms with respect to their use of specific new technologies and the related organizational form but also in various other respects such as skill mix or investment strategies. Milgrom and Roberts (1990) demonstrate that firms need to implement computer technology as part of a system or cluster of organizational changes. This argument of strategic complementarity has been further advanced in studies by Brynjolfsson and Mendelson (1993) as well as by Radner (1993) .
Our study adopts the framework of Bertschek and Kaiser (2004) . This approach takes into account the likely presence of complementarities between the use of B2B e-commerce and the production input factors and allows the labour productivity parameters to be different depending on whether or not firms use B2B e-commerce.
In our model, we assume that firm i produces according to a Cobb-Douglas production technology. Output y i is a function of ICT-capital, ICT i , non-ICT-capital, K i , and labour input, L i :
The vector A i captures differences in production efficiency not related to the input factors. It comprises a constant term reflecting multifactor productivity as well as further variables taking account of industry-specific and regional differences. The exponents α, β and γ denote the elasticities of output with respect to ICT-capital, non-ICT-capital and labour, respectively. Taking logs and adding an i.i.d. error term denoted by i leads to
Labour productivity, i.e. output per worker, is then given by:
If a firm uses B2B e-commerce, its labour productivity is
3 For firms not using the Internet for B2B e-commerce , labour productivity is
where the subscripts B2B and nB2B denote the two productivity regimes with and without B2B e-commerce activities, respectively.
Firms decide to use e-commerce if the productivity gain from B2B is larger than the costs per worker involved with the adoption of B2B, C i . Thus, the latent variable
represents the difference between the productivity gains and the costs arising from B2B e-commerce, where a represents the effect of the productivity gains from B2B e-commerce on the decision about whether or not to use B2B, and u i is an i.i.d. distributed error term. Substituting equations (4) and (5) into equation (6), the selection mechanism for observing an adoption of B2B e-commerce then is
where
The selection equation is estimated as a reduced form. The parameter vector Z i includes both the variables X i that explain labour productivity and the variables that influence the costs C i of B2B adoption and that identify the selection equation. The error term υ i = a · ( iB2B − inB2B ) + u i follows a normal distribution. If a = 0, the decision to use B2B is unaffected by the productivity differences. If, further, the correlation coefficients between the error terms of the productivity equations iB2B and inB2B , respectively, and the error term of the selection equation υ i are both equal to zero, i.e. if ρ B2B = 0 and ρ nB2B = 0, the model reduces to an exogenous switching regression model (Maddala, 1983, pp. 283-284) . In this case, the productivity equations could be estimated by OLS and the selection equation could be estimated by a probit model.
The endogenous switching regression model is estimated by Full Information Maximum Likelihood.
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In a further step, a firm's productivity in the case of using B2B may be compared to the hypothetical productivity that this firm would achieve if it did not use B2B, and vice versa, the productivity of a firm without B2B is compared to the hypothetical case that this firm did use B2B. Hence, in order to control for the firms' selection decision, the productivity is calculated conditional on the firm's choice whether or not to use B2B. Otherwise, the estimation results might be biased (see for instance Greene, 2000, pp. 926-934 , for further details). The estimated productivity differential for firms that use B2B can then be calculated as follows:
where the first term of equation (9) represents the expected labour productivity for firms with B2B e-commerce, the second term is the expected labour productivity for firms with B2B in the hypothetical case that they had not chosen to use
where φ(·) and Φ(·) represent the density and the distribution function of the standard normal distribution. The term X iB2B (δ B2B − δ nB2B ) represents the unconditional expected value of the log-labour productivity differential, depending on the observable variables, i.e. due to a varying endowment with production factors. The second term (θ B2B − θ nB2B )λ iB2B represents the impact of the firms' selection on using B2B e-commerce where λ iB2B is the inverse of Mill's ratio. For the opposite case,
Data and Descriptive Analysis
The data result from a CATI-survey (computer-aided telephone interview) based on a stratified random sample of about 11,000 German firms. The sample was stratified by sector 2 , size class and region, i.e. West and East Germany. Only firms with at least five employees were included in the survey, 50% thereof in the manufacturing industry and 50% in the service sector. The source data set originates from Creditreform, the largest German credit rating agency.
3 The survey was conducted in the year 2000.
About 4,400 firms participated in the survey, which corresponds to a response rate of approximately 43%. After performing consistency checks and due to item nonresponse concerning the variables that were included in the empirical model (see below), a sample of 1,394 firms forms the basis for the empirical analysis. The relatively high loss of observations is primarily due to item non-response with respect to ICT-investment by which we will approximate ICT-capital in the empirical model. Obviously, it is very difficult for firms to state the value of investment in ICT by phone. This seems to be especially true for large firms (200 and more employees). Therefore, large firms are underrepresented in our sample used for the empirical analysis compared to the random sample as well as with the complete sample of responding firms. Moreover, firms from the service sectors "other business services", retail and wholesale trade, and financial intermediaries as well as firms from the chemical industry are underrepresented, whereas firms from the sectors "other basic goods industries" and "mechanical engineering" are overrepresented. With the exception of financial intermediaries, this selection bias corresponds to the sectoral distribution of firms in the complete responding sample of all 4,400 firms and is insofar not a result of item non-response. Fortunately, no systematic difference in the use of B2B e-commerce is found if the reduced sample is compared to the whole sample of all firms that participated in the survey.
To operationalize the firms' involvement in electronic commerce, firms have been asked whether they use the Internet for distributing products and/or services to other companies and, in a further question, whether they use the Internet for ordering products and/or services from other companies. According to the OECD (1999, p. 28) the definitions of e-commerce vary between "including all financial and commercial transactions that take place electronically, including electronic data interchange (EDI), electronic funds transfers (EFT), and all credit/debit card activity", and limiting e-commerce "to retail sales to consumers for which the transaction and payment take place on open networks like the Internet". The definition of ecommerce in this study is a rather narrow one, including only the ordering and selling of products and services on the Internet. Only those firms selling their products/services via the Internet to other firms are considered as firms actively using B2B. As previously mentioned, B2B e-commerce is still the most widespread application of e-commerce. Moreover, selling products/services reflects an active way of implementing (B2B) e-commerce. Firms have to build up an electronic trade platform on their server, they have to reorganize their logistics and workplaces in order to guarantee a smooth handling of orders they receive via the Internet and in order to fully explore probable efficiency gains of their e-commerce activities.
4 In contrast, using the Internet only passively in the sense of buying products and/or services does not necessarily require substantial adjustments of business activities, although these firms might reduce their search and transaction costs and possibly profit from a larger market transparency.
One major drawback of our data is that we do not know how much of a firm's products/services are sold through B2B e-commerce. The questionnaire simply asked whether the firm conducts B2B e-commerce in general. Just under the half of the firms of our sample use B2B e-commerce for selling their products/services. Table 1 shows the shares of firms making use of B2B e-commerce by industry based on the sample that is used for the estimations in section 4. As expected, the most intensive use of B2B e-commerce can be observed within the computer and telecommunication services sector, followed by the chemical industry and electrical engineering. The computer and telecommunication services and electrical engineering also form the majority of the ICT-sector as defined by the OECD (2000) . Moreover, the manufacturing of precision instruments and industrial process control equipment as well as specialized ICT-traders belong to the ICT-sector.
5 The adoption rate of B2B e-commerce is rather low in the consumer goods industry, in the retail trade sector (including ICT traders) and among non-technical business services.
In order to estimate production functions for the two productivity regimes with and without B2B e-commerce, we have to measure labour productivity, ICT-capital and non-ICT-capital. Labour productivity is calculated as the ratio of total sales to the total number of employees. Since no information about the two capital variables is available in our survey data, non-ICT-capital is measured as investment in physical capital and ICT-capital is proxied by ICT-investment. Proxying ICT-capital by ICT-investment does not appear as a severe shortcoming since ICT depreciates extremely quickly (Dewan and Min, 1997) . With regard to the empirical proxy for non-ICT-capital, it is important to note that a capital stock could theoretically be calculated using the perpetual inventory method. However, our analysis is based on a cross-sectional data set so that we can only observe investment in physical capital for one period. 22.3 † in 1,000 DM. Balance-sheet total for banks, sum insured for insurance companies. ‡ Output (total sales in 1999) per employee in 1,000 DM (Output measured as balancesheet total for banks, sum insured for insurance companies). Source: ZEW survey, own calculations.
5 A detailed description of the ICT-sector is given in the Appendix.
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The upper part of Table 2 displays the quantiles, means and standard deviations of the variables used in the estimation of labour productivity: ICT-investment, non-ICT-investment (both in 1,000 DM), output (proxied by total sales in 1,000 DM), the number of employees and productivity (output per employee). All quantitative numbers refer to the year 1999.
The standard deviations of non-ICT-investment, the number of employees and the output are quite large. Moreover, the distributions of all five variables in the upper part of Table 2 are highly skewed. Apart from labour productivity and the number of employees, the mean is even higher than the 90% percentile. This observation is due to the fact that small retailers as well as the largest German manufacturing companies are both included in our sample.
Both means and medians of non-ICT-investment are larger than those related to ICT investment. In all sectors non-ICT-investment dominates ICT-investment. The relative importance of ICT-investment, however, differs significantly across sectors. In computer and telecommunication services ICT-investment accounts for one third of companies' total gross investment. In contrast to this, the share of ICT-investment of gross investment in the basic goods industry or for transport and postal services is less than 10%. Table 3 shows descriptive statistics of labour productivity (total sales per employee) separated for firms that carry out B2B e-commerce and firms without B2B ecommerce, respectively. The mean of labour productivity is slightly higher for firms that sell their products/services via the Internet compared with firms that don't have any B2B e-commerce activities. However, based on a t-test the difference is not significant at any conventional level, which might be expected considering the relatively high standard deviations. When calculating the logarithm of labour productivity and comparing the means in the two productivity regimes, however, a t-test shows that the mean of the logarithm of labour productivity is significantly higher in the regime of firms with B2B e-commerce activities.
Since direct cost effects from using a new technology like B2B generally cannot be identified in a straightforward way, one might draw up several hypotheses concerning the factors that are likely to influence the benefits and costs of B2B and which, in turn, might affect a firm's decision to use B2B e-commerce. In order to consistently estimate the coefficients of the productivity equations, exclusion restrictions have to be found which explain the use of B2B e-commerce but do not necessarily affect productivity. The selection equation therefore contains the following variables as exclusion restrictions: export share, firm age, number of software applications and foreign location.
Using a new technology might depend on the presence of international involvement. It seems plausible that companies engaged in export activities are more likely to 
.9072 t-test on the equality of the means of ln(labour productivity)
.0362 † Output (total sales in 1999) per employee in 1,000 DM (Output measured as balancesheet total for banks, sum insured for insurance companies). Source: ZEW survey, own calculations.
use B2B e-commerce, since in this case the benefits of B2B e-commerce in terms of transaction cost reduction can be expected to be even higher than the reduction of transaction costs of only domestic sales. This argument holds especially in the context of digital products when transaction costs are considerably reduced since the products can be sent via Internet to almost any place on Earth. Moreover, recent evidence from the manufacturing industry on the relationship between productivity and export activity reveals that causality runs from productivity to exports rather than vice versa. Thus, more productive firms are more likely to export their goods than less productive firms (see for example Arnold and Hussinger, 2004) . This evidence supports our choice of export activity as an instrument for explaining the use of B2B e-commerce. A firm's export activity is captured by the share of sales obtained by exports (export quota). Moreover, a dummy variable indicating whether the firm has a location or subsidiary in a foreign country is included in the selection equation.
According to Christensen and Rosenbloom (1995) , new firms are more flexible and thus more likely to adopt a new technology than old firms. In the empirical implementation of our model the age of a firm is represented by two dummy variables. The first dummy takes the value one, if the firm is three years old and younger, the second dummy indicates, if the age is between four and seven years old. Firms older than seven years are the base category. This categorization is plausible since empirical studies for Germany by Prantl (2001) show that hazard functions of young firms reach a first local maximum approximately three years after formation and a second local maximum after approximately seven years. Having survived for seven years, the hazard rates stay at a comparably low level such that these firms can be regarded as established or "old" firms.
Furthermore, the selection equation of the empirical model will include different levels of software applications. In the interviews, firms were asked whether they make use of six different software applications (office software, data bases,software for planning and controlling, software for computer aided design/manufacturing/engineering, electronic data interchange and e-mail). We hypothesize that firms which use a larger number of different software applications are more inclined toward ICT technologies and a knowledge intensive production process. Therefore, we add two dummy variables that control for different levels of software application: the first dummy captures firms that utilize 3 or 4 different software applications, the second dummy refers to firms with at least 5 different software applications. Firms that make use of at most 2 different software applications are used as the base category. Table 4 displays estimation results for the labour productivity equations with and without B2B e-commerce. In addition, it presents the results of tests for identical coefficients in the two different regimes, e.g. we test whether the coefficients of ln(ICT ), ln(K) and ln(L) are the same in the regime with B2B as in the regime without B2B.
Empirical results

Productivity estimations
Positive and highly significant effects of non-ICT-investment and labour on labour productivity are found in both productivity estimations, as shown in Table 4 .
6 Although the point estimates of these partial production elasticities are generally larger in the regime with B2B e-commerce than in the regime without B2B, identity of these parameters cannot be rejected at the usual significance levels. B2B ecommerce hence has a fairly sizeable but insignificant effect on the partial output elasticities of non-ICT-investment and labour input.
However, the partial elasticity of ICT-investment is significantly larger for firms that use B2B e-commerce than for those who do not use B2B. In the latter case, the estimate of the coefficient of ICT-investment is even not significantly different from zero at the usual significance levels. Consequently, Wald tests for the identity of the coefficients of the three input factors as well as testing for the identity of the coefficients of the entire set of variables included in the level equations reject identity. Thus, firms that use B2B e-commerce seem to exploit their ICT-investment more efficiently than those not adopting B2B. ICT-investment and B2B can be interpreted as complementary factors positively affecting firms' labour productivity.
Another important result is that the constant terms representing the multifactor productivity (corresponding to the constant term of parameter A i in equation (1)) differ significantly between the two regimes, being larger in the regime with B2B than in the regime without B2B. This implies that companies that use B2B produce more efficiently than other firms.
In the regime with B2B, the partial elasticity of output with respect to ICTinvestment does not differ significantly from the partial elasticity with respect to non-ICT-investment (p-value equals 0.8174). Further, the sum of the three input elasticities amounts to 1.0411, and the Null hypothesis of constant returns of scale (α + β + γ = 1) cannot be rejected at any usual significance level (Wald χ 2 =3.5213; p-value=0.3180). On the other hand, in the regime without B2B e-commerce the hypothesis of constant returns to scale cannot be confirmed due to the relatively small partial elasticity of non-ICT-investment (Wald χ 2 =14.1063; p-value=0.0028).
In both regimes, the dummy variable for East Germany has a negatively significant coefficient, reflecting the lower labour productivity especially in the East German manufacturing sector. Identity of these coefficients between the two regimes cannot be rejected.
Most of the sector dummies included in the level equations are highly significant. However, in our estimations the coefficients of the sector dummies have no economic interpretation. Rather, they control for different measurements of labour productivity across sectors. The labour productivity of financial intermediaries is calculated as the balance-sheet total per employee for banks, or the sum insured per employee for insurance companies. Therefore, the sector of financial intermediation shows a significantly higher labour productivity. The industries of the base category (trade, transport and postal services) are all at the end of the value-added chain, reaching a high value of total sales per employee. Compared to these industries, all other industries that produce at earlier stages of the value-added chain have a significantly lower value of total sales per employee.
In our estimation, the parameters ρ B2B and ρ nB2B measuring the correlation between the error term of the labour productivity equation of firms with (without) B2B and the error term of the selection equation are individually and jointly significant, indicating that treating B2B-usage as truly exogenous for labour productivity is (N ) 1,394 † A distributive service firm (trade, transport and postal services) that is older than seven years and that utilizes at most two different software applications is used as base category. * significant on the 10%-level ** significant on the 5%-level *** significant on the 1%-level Source: ZEW, own estimation.
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inappropriate. The negative signs of the correlation coefficients indicate that an unanticipated productivity shock leads to a decrease in the firms' propensity to adopt B2B e-commerce.
In order to compare the situation of a firm with B2B to the hypothetical situation in which this firm would not have adopted B2B, hypothetical productivity differentials are estimated according to equation (10). The results are depicted in Table 5 . The idea behind these estimations is to consider the same firms -those with B2B-adoption and those without B2B -under the two different regimes. 0.5279 0.2069 0.0054 † Changes in the log-labour productivity due to B2B e-commerce: Firms with (without) B2B and parameter vector with (without) B2B compared to the situation if they had not (had) adopted B2B, i.e. parameter vector without (with) B2B plus the respective selectivity terms.
The mean log-labour productivity of firms that use B2B e-commerce turns out to be significantly higher compared to the hypothetical mean log-labour productivity for the case that these firms did not utilize B2B. Similarly, the mean labour productivity of firms without B2B is lower than the hypothetical labour productivity for the case that these firms had adopted B2B e-commerce. Furthermore, the mean difference is larger for firms that currently use B2B than for those not using it: Firms that have already adopted B2B e-commerce have for instance reorganized their logistics and workplaces so that an abandonment of B2B e-commerce transactions would cause a tremendous drop in the firms' productivity. On the other hand, firms that did not use B2B so far would be better off if they adopted B2B, but they would only realize a comparably small gain in productivity, for example because they don't have complementary resources at their disposal in order to fully exploit the productivity potentials of B2B.
The results further show, that the unconditional mean difference between the estimated and the hypothetical labour productivity is nearly the same for firms with and without B2B e-commerce respectively. The higher hypothetical gain in productivity for firms with B2B e-commerce is a result of the selection into the regime with B2B. Calculating the productivity differences, it is important to note that the results should only be interpreted qualitatively rather than quantitatively, because we had to approximate ICT-capital and non-ICT-capital by the value of the respective investments. This shortcoming especially affects the estimated difference with respect to the pa-
Selection equation
A result that is important for the empirical validity of the model is that the identifying restrictions (firm age, export quota, software applications) are jointly highly significant in the B2B e-commerce adoption equation (see Table 6 ). A non-significance would indicate an invalidity of our exclusion restrictions and hence an invalidity of the entire model. Thus, the chosen identifiers seem to proxy quite well the costs involved with B2B.
We find no evidence for an effect of firm age. The categorical variables for the firms' age, distinguishing between three different stages of the firms' life cycle, are insignificant. Thus, there is no support for the hypothesis that younger firms are more likely to use the new technology B2B e-commerce due to their higher flexibility, unconventionality or a higher readiness to take risks.
Analysing the effect of firms' export share, a firm with cross-border business activities is more likely to engage in B2B since it can profit more from the reduction of transaction costs compared to a firm that only has domestic sales. It should be noted in this context that our sample includes many firms especially from the service sector that do not export at all. While about 75% of all firms in our sample that belong to the manufacturing sector said that they exported in 1999, almost 80% of all service firms reported no exports. Only 5% of all financial intermediaries and slightly more than 10% of business service firms exported in the year 1999.
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A further variable reflecting international involvement is the dummy 'foreign location'. Its coefficient turns out to be positive and significant, thus supporting the hypothesis that internationally operating firms are more likely to engage in B2B than nationally focussed firms.
As hypothesized, the two dummy variables that capture different levels of software application representing a firm's openness to new ICT applications, increase the probability of using the Internet for B2B e-commerce. This result is supported by the positive and significant effect of ICT-investment in the selection equation. ICT-investment is the only input factor that significantly affects firms' decision to adopt B2B e-commerce. Thus, we conclude that firms with a knowledge-intensive production process are more likely to use B2B e-commerce.
rameter of production efficiency between the two regimes, since the latter reflects inter alia the difference in capital stocks that is not covered by investments.
8 These figures are based on the firms' own information. Using the definitions of the System of National Accounts, the reported export shares of many firms would be different. For example, every sale of a retailer to a foreigner, a tourist, for example, accounts for export of a retail trade service according to the official definitions. Transactions like this are, however, not very likely to be considered by firms when responding to the question whether they export or not. 1,394 † A distributive service firm (trade, transport and postal services) that is older than seven years and that utilizes at most two different software applications is used as base category. * significant on the 10%-level ** significant on the 5%-level *** significant on the 1%-level Source: ZEW, own estimation.
East German firms do not have a significantly different probability to use B2B than their West German competitors. This is plausible, because the costs of adopting B2B e-commerce can be expected to be the same for both East German and West German firms. Finally, there are only minor differences between sectors with respect to the use of B2B. The dummy variable representing the ICT sector is positively significant, which is plausible regarding the descriptive results. A bit surprisingly, financial intermediaries have a lower probability of adopting B2B e-commerce than the base category, a distributive service firm, although the coefficient is significant only on the 10% level. Obviously, differences between sectors can be traced back to a varying endowment with resources relevant for the use of B2B.
The entire set of variables determining labour productivity is jointly significant in the selection equation, indicating that labour productivity differences are relevant for the decision whether or not to adopt B2B e-commerce.
9 Thus, we have a complementary relationship between productivity and the use of B2B.
Conclusions
This paper studies the effects of B2B e-commerce on labour productivity. An endogenous switching regression model takes account of a simultaneous relationship between B2B and labour productivity and allows firms to produce according to structurally different production functions depending on whether or not they engage in B2B. This econometric model is applied to a sample of 1,394 German firms from the manufacturing industry and from selected services sectors.
The results indicate the importance considering B2B and labour productivity as simultaneous factors. The output elasticity with respect to ICT-investment turns out to be significantly larger for firms using B2B. Thus, firms with B2B use ICT more efficiently. Moreover, the multifactor productivity is significantly larger for firms with B2B. These results hint at strategic complementarities between B2B and the input factors of the firms leading to labour-productivity enhancing impacts of B2B.
The estimation of hypothetical productivity differentials reveals that firms with B2B are significantly better off if they engage in B2B than if they did not. The same is true for those firms without B2B: they would increase their labour productivity if they adopted B2B. However, the potential productivity gains turn out to be smaller than for those firms already using B2B.
We also find that drivers of B2B e-commerce usage produce with a knowledgeintensive production process, and that international business activities are positively related to firms' probability to use B2B.
Our paper has the following main caveats that are primarily related to data restrictions: (i) We only observe whether or not a firm uses B2B and do not know to what extent B2B is used. (ii) We do not directly observe the costs involved with implementing and using B2B and therefore use proxy variables. (iii) Due to the crosssectional character of our data we use ICT-investment and non-ICT-investment as proxies for ICT-capital and non-ICT-capital. (iv) For the same reason we cannot take into account unobserved heterogeneity which might affect our estimation results.
Further research should attempt to use panel data, if available in the future, in order to overcome these data restrictions in particular with respect to the problem of approximating ICT-capital and non-ICT-capital by investment variables and in order to take account of firm-specific unobserved heterogeneity. 
Appendix
